Introduction
The bursa of Fabricius is generally known as the lymphoid tissue having an immunological function (Cooper, et al., 1966 , Glick, 1965 , Takagi, 1970 . The function of this organ, however, cannot be fully understood without considering the relationship between lymphoid tissues and autonomic nervous system.
Fluorescence microscopy revealed the presence of adrenergic nerve fibers in the thymus of rat (Pfoch and Unsicker, 1971 ) and in the spleen of chicken (Bennett and Malmfors, 1970) . Fillenz (1970) showed that the spleen of a cat received a single motor innervation and consisted of postganglionic sympathetic fibers by the histochemical method. Cordier (1969) and Inoue (1971) observed innervation of the bursa of Fabricius by the silver staining technique.
However, there have been few investigations made on adrenergic and cholinergic nerves in the bursa of Fabricius of chicken by the acetylcholinesterase staining and fluorescence method.
The present work was undertaken to elucidate the distribution of adrenergic and cholinergic nerves in the bursa of Fabricius of chicken by a histochemical method.
Material and Methods
Twenty one-day-old chicks were used in this study. The birds were sacrificed by decapitation.
Specific staining techniques were as follows :
1. Acetyleholinesterase staining. Karnovsky and Roots (1964) cholinesterase methods were used. Blocks of the bursa of Fabricius from 10 chicks were fixed overnight in cold (4°C) 10% Formalin containing 1% CaC12 and were than kept in 0.88M sucrose-1% gum arabic.
The blocks were washed in distilled water for 5 min., blotted dry, and cut into 30-p frozen sections.
The sections were incubated with acetylthiocholine for 30 min. at 37°C. The incubation medium was at pH 6.0. The 4mM tettaisopropylpyrophosphoramide (iso-OMPA) was used to inhibit non-specific cholinesterase.
After incubation the sections were mounted on slides. 2. Fluorescence method. The fluorescence method of Flack and Hillarp (Falck and Owman, 1965) was used. The bursa of Fabricius from 10 chicks were frozen in isopentane cooled with dry ice. The tissues were then freeze-dried in vacuo for 1 week, treated with paraformaldehyde at 80°C for 1 hr., and embedded in paraffin. Adjacent sections 15-p thick were either mounted in xylene and observed under fluorescence microscope or stained with silver impregnation method (Sevier and Munger, 1965).
Results
The bursa of Fabricius lies along the dorsal surface of the rectum and opens into the dorsal wall of the cloaca. The wall of the bursa of Fabricius consists of the following layers : A mucous layer consisting of a surface epithelium and a lamina propria, a layer of smooth muscle, a perimuscular connective tissue layer, and a serous layer, covering a great part of the organ.
The mucous layer forms numerous grossly visible longitudinal plicae in the lumen. Numerous lymphatic nodules are embedded in plicae. The fluorescent nerve fibers were observed in the perimuscular connective tissue, the muscle, and the mucous layer in the bursa of Fabricius.
Variously sized fluorescent nerve fibers were found accompanying the blood vessels in the perimuscular connective tissue, the muscle, and the mucous layer (Figs. 1, 3, 5 and 6). The fluorescent nerve fibers were also observed between the lymphatic nodules ( Fig. 6) but not in the epithelium or lymphatic nodule.
The small intensely fluorescent cells were observed in the ganglia in the perimuscular connective tissue (Fig. 6 ) and in association with blood vessel in the muscle layer (Fig. 4 ). They were ovoid in shape and were 10 to 16 a in diameter, with a large non-fluorescent nucleus (Figs. 2 and 4). By examination of adjacent sections, one mounted for fluorescence microscopy and the other stained by the silver impregnation method, the small intensely fluorescent cells corresponded to darkly stained cells from their appearance and location. The large fluorescent nerve cells were also found in the ganglia (Figs. 1, 2 and 4).
The distribution of acetylcholinesterase (AChE) resembled that of the fluorescent nerve fibers. The large number of AChE-positive nerve fibers formed the plexus in the muscle layer (Fig. 9) . The AChEpositive nerve fibers were found accompanying the blood vessels in the submucous layer but were not found in the epithelium or the lymphatic nodule (Figs. 11 and 12) .
The AChE-positive nerve cells were observed in the serous layer or perimuscular connective tissue and accompanying the blood vessels in the muscle layer (Figs. 7, 8 and 10) . They showed the same distribution as the ganglia observed by fluorescence microscopy.
Discussion
The distribution of fluorescent nerve fibers resembled that of AChE-positive nerve fibers in the serous layer or perimuscular connective tissue layer, in the muscle layer, and in the mucous layer of the bursa of Fabricius.
Both the fluorescent and AChE-positive nerve fibers were found accompanying the blood vessels in the muscle layer and submucous layer. It seemed, therefore, that the fluorescent nerve fibers were distributed in the periphery together with AChE-positive nerve fibers. Then, the nerve running to the bursa of Fabricius was provided from the pelvic plexus consisting of sympathetic and parasympathetic nerves (Inoue, 1971 ) and the AChE-positive nerve cells were found in the muscle layer. Therefore, it seemed that the cholinergic nerve fibers are the postganglionic parasympathetic fibers and the adrenergic nerve fibers are the postganglionic sympathetic fibers in the bursa of Fabricius.
Although the results of the present study showed that the bursa of Fabricius received both postganglionic sympathetic and parasympathetic nerves, the possible physiological role of such an innervation was not clear. The electron microscopic study on the thymus of a rat (Pfoch and Unsicker, 1971) and fluorescence microscopic studies on the spleen of a cat (Fillenz, 1970 ) and, of a domestic fowl (Bennett and Malmfors, 1970) suggested that the adrenergic and cholinergic nerve terminals were not present in the medulla of the lymphatic nodule. On the other hand, the electron microscopic study on the Payers patches in the Syrian hamsters (Pfoch and Unsicker, 1972) suggested that the adrenergic and cholinergic nerve terminals are found in close association with lymphatic cells and the autonomic nervous system might play a role in immunologic response. Moreover, similar nerve terminals were observed by Sako (1971) in the thymus of Japanese terrapin.
In the bursa of Fabricius, the adrenergic and cholinergic nerve terminals were not definitely found in the lymphatic nodule in the present study, but a few nerve fibers were shown in it by the silver impregnation technique (Inoue, 1971). Therefore, it seems that there is a functional relationship between the autonomic nervous system and lymphatic cells in the bursa of Fabricius.
The group of fluorescent nerve cells were observed in the perimuscular tissue and muscle layer of the bursa of Fabricius.
Occasionally, a few small, intensely fluorescent cells were encountered in the ganglia of the perimuscular tissue and muscle layer. The presence of similar cells, the so-called SIF-cells (Norberg et al., 1966) , had been noted in the domestic fowl (Bennett and Malmfors, 1970) , in was deferens and accessory male genital glands of different mammals (Owman and Sjostrand, 1965), in sympathetic ganglia of the cat (Hamberget et al., 1963), in sympathetic ganglia of the rat (Norberg et al., 1966) , and in the hypogastric ganglion of the guinea pig (Watanabe, 1971). It was said that SIF-cells had an inhibitory effect on ganglionic transmission. In the ganglia of the bursa of Fabricius, the small intensely fluorescent cells were also considered to have a similar mechanism.
Summary
The distribution of adrenergic and cholinergic nerve cells and fibers in the bursa of Fabricius in twenty one-day-old chicks was studied with acetylcholinesteras (AChE) staining and fluorescence method. The wall of the bursa of Fabricius is composed of a serous layer or a perimuscular connective tissue, a muscle, and a mucous layer. Both adrenergic and cholinergic nerve fibers showed a similar distribution in the serous layer or the perimuscular connective tissue, the muscle, and the mucous layer. However, the adrenergic and cholinergic nerve terminals were not definitely observed in the lymphatic nodule. There were large fluorescent and small intensely fluorescent cells in the ganglia of the perimuscular connective tissue and the muscle layer. It seemed that the small intensely fluorescent cells were the SIF-cells.
The AChE-positive nerve cells were also present in the perimuscular connective tissue and the muscle layer. 
